prorenin not only exert enzymatic action but also cause angiotensin II-independent intracellular signaling. Previous studies suggested a physiological function of (P)RR for mammalian vacuolar-type H + -ATPase (V-ATPase), which plays an essential role in controlling intracellular vesicular acid environment and cell survival ( Figure 1 ). 2 Before cloning of (P)RR, a (P)RR fragment was originally discovered as a membrane sector-associated protein of V-ATPase (M8-9, V-ATPase lysosomal accessory protein 2 [ATP6AP2]) when V-ATPase was isolated from bovine chromaffin granules by blue native polyacrylamide gel electrophoresis. 3 Mutant zebrafish for (P)RR display phenotypes similar to that for the deletion of specific V-ATPase subunits, consisting of eye and body hypopigmentation, as well as neuronal cell death, and the fish die early in development. 4 In Xenopus, injection of morpholino antisense RNA against (P)RR into embryos causes small heads, shortened tails, and defects in melanocyte and eye pigmentation. Death of the embryo and neuronal malformations were attributed to (P)RR working as an adaptor protein between Wnt receptor and V-ATPase complex. 5 Taken together, these lines of evidence support the significance of (P)RR as an accessory protein of V-ATPase.
A tissue-specific conditional knockout approach in recent studies elucidated the functional relevance of (P)RR as a proton pump protein. The cardiomyocyte-specific (P)RR knockout mice develop fulminant heart failure and inevitably die early. 6 Consistently with its original discovery as a membrane sector-associated protein, ablation of (P)RR selectively suppressed expression of the V 0 subunits of V-ATPase, resulting in deacidification of the intracellular vesicles. 6 Recent observations also revealed that (P)RR-null podocytes result in severe proteinuric kidney disease as a result of V-ATPase dysfunction 7 and impaired autophagy. 7, 8 Moreover, the expression level of the (P)RR in each tissue tends to be closely correlated with the other V-ATPase subunits in mice. 9
The structure of (P)RR in light of its functional significance
The majority of (P)RR exists in the intracellular compartment, particularly in the perinuclear region, which would be in line with the subcellular localization of V-ATPase. 10 Previous studies have demonstrated that (P)RR undergoes cleavage in the trans-Golgi network by proteases such as furin and ADAM19 to generate a 28-kD N-terminal soluble fragment (P)RR, which is secreted outside the cell, leaving a 10-kD C-terminal residue that likely represents the ATP6AP2. 11, 12 Intriguingly, beta-cell-specific deletion of furin causes impaired granular acidification, indicating that cleavage of (P)RR by furin could play an important role in the function of V-ATPase. 13 Future study must address the issue of whether the cleavage of the (P)RR influences the function of the V-ATPase.
(P)RR contains four different domains: an N-terminal signal peptide, an extracellular domain, a single transmembrane domain and a short cytosolic domain. 14 Most likely, the extracellular domain is responsible for binding with renin and prorenin, according to a recent study showing that soluble (P)RR is functional and can enhance activity of renin and prorenin leading to angiotensin I generation, 15 whereas a C-terminal residue is associated with the V-ATPase. Of note, the originally discovered (P)RR fragment M8-9 shares part of the extracellular and transmembrane domains, and this might be the site of interaction with other V-ATPase subunits. 3 Recent studies indeed confirm that the interaction between (P)RR and V-ATPase V 0 subunit c requires the extracellular and transmembrane domains of (P)RR, 5 although the exact domain of the (P)RR-V-ATPase interaction remains elusive.
Future directions
(P)RR is an accessory protein for the mammalian V-ATPase as well as a cell surface receptor for renin and prorenin. It is important to investigate each function of (P)RR separately, in addition to examining whether the tissue reninangiotensin system (RAS) and the intracellular environment are interconnected and regulated with each other through (P)RR.
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